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ABSTRACT 

Context. Local spiral galaxies contain roughly two-thirds of the present-day stellar mass density. However, the formation process of 
disks is still poorly understood. 

Aims. We present and analyze observations of J033241. 88-274853. 9 at z=0.6679 to understand how its stellar disk was formed. 
Methods. We combine multi-wavelength EIS, HST/ACS, Spitzer/IRAC, and GALEX imaging with FLAMES/GIRAFFE 3D spec- 
troscopy to study its color-morphology and spatially-resolved kinematics. A spectral energy distribution (SED) is constructed and 
physical properties extracted using stellar population models. 

Results. J033241. 88-274853.9 is a blue, young (320+^° Myr, 90% confidence interval) stellar disk embedded in a very gas-rich 
(f saJ =73-82% with \og(M s , e u ar /M ) = 9.45+jj 2 j|) and turbulent phase that is found to be rotating on large spatial scales. We identified 
two unusual properties of J033241. 88-274853. 9. (1) The spatial distributions of the ionized gaseous and young stars show a strong 
decoupling; while almost no stars can be detected in the southern part down to the very deep detection limit of ACS/UDF images 
(accounting for the light spread by seeing effects), significant emission from the [Oil] ionized gas is detected. (2) We detect an excess 
of velocity dispersion in the southern part of J033241. 88-274853. 9 in comparison to expectations from a rotating disk model. 
Conclusions. We considered two disk formation scenarios, depending on the gaseous phase geometry. In the first one, we examined 
whether J033241. 88-274853. 9 could be a young rotating disk that has been recently collapsed from a pre-existing, very gas-rich rotat- 
ing disk. This scenario requires two (unknown) additional assumptions to explain the decoupling between the distribution of stars and 
gas and the excess of velocity dispersion in the same region. In a second scenario, we examine whether J033241. 88-274853. 9 could 
be a merger remnant of two gas-rich disks. In this case, the asymmetry observed between the gas and star distributions, as well as the 
excess of velocity dispersion, find a common explanation. Shocks produced during the merger in this region can be ionized easily and 
heat the gas while preventing star formation. This makes this scenario more satisfactory than the collapse of a pre-existing, gas-rich 
rotating disk. 

Key words. Galaxies: evolution; Galaxies: kinematics and dynamics; Galaxies: high-redshifts; galaxies: general; galaxies: interac- 
tions; galaxies: spiral. 



1. Introduction 

While the majority of the local stellar mass density is locked 
into spiral galaxies, our understandin g of the formation o f galac- 
tic disks still remains incomplete dMayer et all I2008I) . It has 
been suggested that a large fraction of local disks could have 
been rebuilt subsequent to a major merger since z=l, owing 
to the remarkable coincidence of the evolution of the merger 
rate , morphology, and fr action of actively star-forming galax- 
ies (lHammer et all l2005h . At first sight, this "spiral rebuilding" 
scenario might seem inconsistent with numerical simulations, 
which often predict that the product of a major merger between 
two spirals is an elliptical galaxy. However, it has also been 
shown that gas expelled in tidal tails during the merger can b e 
re-accreted and reform a disk after such an event (Barnes, 2002). 
More recently, theoretical and numerical clu es to the disk- 
rebuilding hypothesis have been accumula ted dRobertson et all 
l2006tlLotz etaDl2008HHopkins et al.ll2008l) . 

In the framework of an ESO large program called 
IMAGES ("Intermediate-MAss Galaxy Evolution Sequence", 
iRavikumar et al.ll2007t lYang et al.|[2008l hereafter Paper I), we 
have been gathering multi-wavelength data on a representative 
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sample of emission line, intermediate-mass galaxies at z~0.6, 
i.e., 6 Gyr ago. These galaxies are the progenitors of present-day 
spirals, which contain ap proximately two-third s of the present- 
day stellar mass density ( Hamm er et all I2007I) . In Paper I, we 
presented the GIRAFFE spatially reso l ved k inematics of this 
sample of 65 galaxies. In Neichel et all d2008l) (hereafter Paper 
II), we studied in detail their color-morphology u sing HST/ACS 
multi-wavelength imaging. In lPuech et alj (I2008) (Paper III), we 
analyzed their dynamical properties through the evolution of the 
near-infrared Tully-Fisher relation. This series of papers has re- 
vealed a surprisingly high fraction of kinematically nonrelaxed 
galaxies (Paper I), while well-relaxed spiral rotating disks ap- 
pear to be evolving since z~0.6, i.e., over the past 6 Gyr, by a 
factor as much as two, both in number (Paper II) and stellar mass 
(Paper III). Clearly, the spiral-disk galaxy history over the last 6 
Gyr seems to be particularly agitated, much more than initially 
thought. 

Space imaging combined with ground-based 3D spec- 
troscopy can reveal the physical proces ses at work in such dis- 
tant galaxies with unprecedented detail dPuech et alJl2007bT) . In 
the present letter, we present another spin-off of the IMAGES 
Large Program, which is a very young (~ 300 Myr old) rotating 
disk captured during its formation process. This article is orga- 
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nized as follows: Sect. 2 presents the morphological and kine- 
matic properties of J033241. 88-274853.9, Sect. 3 its SED fitting, 
and Sect. 4 the derivation of its stellar mass and star formation 
rate. Section 5 presents two possible scenarios of disk formation. 
A discussion and conclusion are given in Sect. 6. Throughout, 
we adopt H -10 km/s/Mpc, D. M -0.3, and Q A =0.7, and the AB 
magnitude system. 



[Oil] emission map to estimate the [Oil] flux in the leftest 
GIRAFFE pixel. We degraded the V-band ACS image down to 
the spatial resolution and sampling of GIRAFFE observations 
to estimate the rest-frame pseudo-continuum around the [Oil] 
emission line. We were then able to roughly estimate the rest- 
frame [Oil] equivalent width in this pixel, which was found to 
be EWo([OII])=140A. We will discuss this point in Sect. 5. 



2. Morpho-kinematics 

Figure Q] shows a large view of J033241. 88-274853.9, which re- 
veals a relatively edge-on Peculiar/Tadpole galaxy (see Paper 
II): J033241. 88-274853. 9 appears to be very asymmetric with 
a more elongated side toward North. This tail shows several blue 
regions with B-z colors typical of star-bursting galaxies, while 
the overall color is representative of late-type galaxies (B-z=1.3, 
see Paper II). The reddish edges of J033241. 88-274853.9 sug- 
gests a moderate presence of dust in this galaxy. 

The stellar light distribution of J033226.23-274222.8 was 
analyzed using a two-compon ent Sersic decomp osition on the 
z-band image with GALFIT dPeng et all 120021) . We required 
these two components to be both centered on the dynami- 
cal/continuum center of the galaxy (see below) and masked the 
southern part J033241. 88-274853. 9 to fit only the northern re- 
gion in order to be able to reproduce its asymmetry. We found 
Sersic indexes n=0.34 and n=0.54 for the outer and inner com- 
ponents respectively, with an inner-to-outer light ratio ~0.12. 
This suggests that J033241. 88-274853. 9 is composed of an in- 
ner symmetric stellar disk embedded in another bluer extended 
"half-disk". 

In Fig. |2] we have superimposed the GIRAFFE velocity 
Field [VF] an d the velocity dispe rsion-map [cr-map] to the ACS 
imaging (see iPuech et"aill2007bl for detail). An additional cor- 
rection was performed by eye, by aligning the B-band HST/ACS 
image and the [Oil] emission line distribution (not shown here), 
since in principle they both trace the spatial distribution of O/B 
blue giant stars. Aligning the peaks of both distributions, we 
ended up with an additional shift of 0.2 arcsec in RA and 0.03 
arcsec in DEC, i.e., smaller than the residual uncertainty of the 
astrometric alignment (0.23 arcsec). No large-scale perturbation 
can be seen in the kinematics of J033241. 88-274853. 9, which 
was classified as a rotating disk in Paper I. The central peak in 
the cr-map is well reproduced by a rotating disk model and in- 
dicates the position of the dynamical center of rotation, which 
matches relatively well the continuum peak (see Fig.|2]and Paper 
I). One can however note that this central peak of dispersion has 
two extensions in the southern part, which are not reproduced by 
the rotating disk model of Paper I. Moreover, the gaseous phase 
in J033241. 88-274853.9 has a relatively low V/cr=3.79+0.94 
value, which is among t he lowest va l ues fou nd in the sample 
of distant rotating disks dPuech et all l2007al) . Such a value is 
lower than the local median and, together with the two exten- 
sions of the dispersion peak, it suggests than the ionized gas in 
the southern part of J033241 .88-274853.9 is relatively turbulent. 
We will discuss further the excess of velocity dispersion relative 
to a rotating disk model in Sect. 5. 

Of importance, GIRAFFE detected [Oil] emission on the 
southern side, where no stellar emission can be detected, even in 
the very deep ACS images of the HUDF (10-cr detection limit of 
V AB =29.3 mag/arcsec 2 in the 0.52x0.52 arcsec 2 GIRAFFE IFU 
pixel aperture, see the [Oil] S/N map on Fig. 2). Such an asym- 
metry between gas and star distributions is unusual. We used a 
VIMOS spectrum of J03324 1. 88-274853.9, retrieved from the 
VVDS dLe Fevre et alj l200l see Fig. g), and the GIRAFFE 



3. Spectral Energy Distribution 

We gathered photometric measurements of J033241.88- 
274853.9 in constant apertures of 3 arcsec in diameter, as shown 
in Fig [3] We distinguished between space-based measurements, 
in green, and ground-based measurements, in black. Space- 
based measure ments correspond to, from the UV to the IR, 
GALEX/NUV dMorrissev et all 1200% . HST/ACS (F435W [B] , 
F606W [V], F775W [i], and F850LP fzl iBeckwith et~all l2006). 
and Spitzer/IRAC (3.6, 4.5, 5.8, and 8.0 /zm, Dickinson et al. 
in prep.), while ground-based measuremen ts correspond to EI S 
(U\ U, B, V, R, and I bands in the optical. lArnouts et alj|200ll) . 
and GOODS-ISAAC (J, H, and K s bands, Vandame et al. in 
prep) in the NIR. Because of the large uncertainty associated 
with the zero point calibration of t he GOODS H-band , we used 
the revised calibration proposed bv lWuvts et alj d2008l) . Finally, 
J033241. 88-274853.9 was neither detected by GALEX in the 
FUV (the 5-cr detection limit is represented as a vertical ar- 
row), Spitzer/MIPS in the F ar-Infrared (Chary et al. in prep.) , 
or CH ANDRA in X-rays dGiacconi et all 120021: iRosati et all 
120021) . 

Full horizontal error-bars represent the FWHM of the pho- 
tometric filters used in the corresponding surveys, while vertical 
error-bars represent the convolution o f two terms, i.e., the mag - 
nitude error as given by Sextractor (Be rtin & Arnoutsl Q996), 
and the systematic error associated with the uncertainty on the 
zero point calibration. Because of the very large size of both 
the GALEX PSF and IRAC PSF in comparison to the photomet- 
ric aperture, direct photometric me asurements were correct ed by 
2.09 mag in the NUV, following dMorrissev et all |2007|) . and 
0.35, 0.38, 0.51, 0.54 mag in the four respective IRAC IR bands, 
as directly estimated from the theoretical IRAC PSF3- We es- 
timated the uncertainties associated with these PSF corrections 
by re-deriving these corrections in apertures of 3 arcsec modulo 
one PSF pixel, and added them in quadrature with other sources 
of uncertainty. Photometric measurements and uncertainties are 
listed in Tab.Q] 

The resulting SED of J033241. 88-274853.9 shows a globally 
declining curve from the UV to the IR (see Fig. [3]). While the 
optical part of the SED is roughly compatible with that of an 
late-type galaxy (e.g., the observed B-z color, see Sect. 2, which 
approximately corresponds to a rest-frame ~2800-V color), its 
UV part shows an excess of light that is produced by massive 
blue stars (O/B), and certainly indicates a recent burst of star 
formation in the blue regions described in Sect. 2 (see Fig.|TJ. 

We used C hariot & Bruz ual models (Chariot & Bruzual 
2007, in prep: iBruzuall 120071) to fit this SED: we assumed a 



Salpeter IMF (Salpeter, 1955) and constructed grids of metal- 
licity (0.005, 0.02, 0.2, 0.4, 1.0, 2.5, 5.0 Z ), T-exponentially de- 
clining star formation histories spaced at 0. 1 Gyr intervals from 
t=0 (pure SSP) to 0.5 Gyr, and at 0.5 Gyr intervals beyond, and 
age t. Dust was accounted for using a lCardelli et alj (1989) ex- 
tinction curve parametrized by E(B - V) and Ry, which was 
allowed to range between 2 and 6, i.e. typical values found in 
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Fig.l. Left: HST/A CS B-V-z-band image of J033241. 88-274853.9 form the Hubble Ultra-Deep Field (0.03 arcsec/pix, 
iBeckwith et al.l l2006). Right: B-z color map. 
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Fig. 2. B+V+z image of J033226.23-274222.8 superimposed with GIRAFFE data. In the left and middle panels, the IFU bundle is 
overlaid in white dash lines (0.52 arcsec/pix), and the residual uncertainty on the alignment between the images and the IFU is shown 
as an horizontal white bar in the lower-left corner.Le/f panel: isovelocities have been superimposed, with contours approximately 
ranging from -90 to 60 km/s by steps of 8 km/s. A S/N=3 threshold is used to limit measurement uncertainties, which explains why 
kinematical data do not extent over the whole IFU FoV. Middle panel: GIRAFFE velocity dispersion map contours, ranging from 
27 to 47 km/s by steps of 2 km/s. Right panel: [Oil] emission Signal-to-Noise map in GIRAFFE IFU pixels. Pixels where no stellar 
light has been detected in ACS images are ensquared in blue. 

Table 1. Photometric measurements for J033241. 88-274853. 9. From left to right: 3-arcsec aperture photometry, random errors as 
given by Sextractor, systematic uncertainties associated with the calibration of the zero point, and uncertainties associated with the 
PSF-size correction (see text). 



Filter 


Magnitude (AB) 


Random error 


ZP errors 


PSF errors 


Total uncertainty 


TWgalex 


<25.8 










NUV GALEX 


23.49 


0.12 


0.03 


0.38 


0.40 




23.27 


0.05 


0.083 


0.0 


0.10 


Veis 


23.53 


0.05 


0.083 


0.0 


0.10 




23.19 


0.004 


0.005 


0.0 


0.006 




23.24 


0.02 


0.029 


0.0 


0.04 


Veis 


23.10 


0.04 


0.066 


0.0 


0.08 




22.61 


0.0015 


0.005 


0.0 


0.005 


Rem 


22.39 


0.02 


0.048 


0.0 


0.05 


Ifi/S 


22.15 


0.03 


0.044 


0.0 


0.05 


IfJDF 


21.99 


0.0010 


0.005 


0.0 


0.005 


T-UDF 


21.89 


0.0016 


0.005 


0.0 


0.005 


J GOODS 


21.71 


0.01 


0.03 


0.0 


0.03 


Hgoods 


21.61 


0.02 


0.04 


0.0 


0.05 


K-GOODS 


21.34 


0.02 


0.05 


0.0 


0.05 


3.6fim IRAC 


21.20 


0.2 


0.02 


0.04 


0.21 


4.5 fim IRAC 


21.59 


0.2 


0.02 


0.04 


0.21 


5.8 yum/Me 


21.73 


0.2 


0.02 


0.03 


0.20 


S.0/im 1RAC 


22.26 


0.2 


0.02 


0.03 


0.20 
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local group galaxies (e.g., Fitzpatrick & Massa 2007). For con- 
venience, this extinction curve was extrapolated in the IR and the 
FUV. We checked that the results were not significant ly changed 
assum ing another extinction c urve such as the one of lFitzpatrickl 
(119991) or lCalzetti et ail d2000h . 

We searched for the best model using a classical y 1 opti- 
mization. Sever al well-known difficult ies are associated with this 
procedure (e.g.. iPapovich et all 1200 lb : (1) the photometric un- 
certainties are often under-estimated, (2) additional systematics 
arise from mismatches between models and reality (e.g., wrong 
dust model, IMF, or star formation history, finite grid of param- 
eters for the models, etc.), (3) the influence of non-Gaussian er- 
rors can bias the^ 2 optimization. To check that (1) cannot im- 
pact severely our results, we compared ou r photometric mea- 
surements to those made in similar bands bv lWuvts et alj J2008) 
in 2 arcsec apertures, given in their FIREWORKS catalog. We 
found that the SED derived from FIREWORKS is, as expected, 
shifted toward fainter magnitudes (by roughly ~0. 1 mag), and 
that additional variations are well within the adopted uncertain- 
ties, which means that the adopted error-bars are not too severely 
underestimated. Moreover, during the fitting procedure, we en- 
larged the total photometric uncertainties by propagating the un- 
certainty associated with the center of the filter (i.e., horizontal 
error-bars in Fig. [3]). This allowed us to take into account the ad- 
ditional uncertainty associated with the projection of the mod- 
els onto the photometric filters, which also help mitigate against 
(2). Confidence intervals at 68% and 90% we re determined us- 
ing constant^ 2 bounds, following lAvnil d!976l) . 

The best fit was found for a CSP with Z = Z , r=0.1 Gyr, 
f=0.32 Gyr, and A v = R V E(B - V)=0.13 (see the blue curve on 
Fig. [3]), which corresponds to a reduced ;^ 2 =1. 36. This is slightly 
larger that 1 (corresponding to a perfect match) and certainly re- 
flects the influence of the limitations listed above. Within a con- 
fidence interval of 68% (i.e., 1-cr for a Gaussian distribution), 
we found Z = Z , t e [0; 500] Myr, t E [0.13; 0.64] Myr, and 
Ay £ [0; 0.28], while for a confidence interval of 90%, we found 
Z e [1.0; 2.5]Z Q , t e [0; 3500] Myr, t £ [0.06; 0.91] Myr, and 
A v £ [0; 0.74] (see Fig. 0). We note that a solar metallicity is fur- 
ther supported by the low resolution VIMOS spectrum retrieved 
from the VVDS archive (see Fig. [6]). 

We also note the presence of Balmer absorption lines in this 
best SED model, which suggests the presence of an underlying 
older stellar population (A/F stars). To quantify this further, we 
tried to fit an additional st ellar population of old stars following 
the method described by IPapovich et alj ([2001): we generated 
SSPs with the same parameters that the best-fit SED except its 
age, which was set to be the age of the Universe at the redshift 
of the object (~7.5 Gyr). In principle, this allows us to constrain 
the maximal contribution of an older stellar population in terms 
of M/L that is still consistent with the data. 

The result of the fit of this additional population is shown in 
Fig-H] As expected, this additional old population influences the 
resulting SED only above 4000A, and particularly in the NIR. 
One might wonder whether this additional old population is real, 
given that the resulting combined SED does not seem to improve 
the global fit in this region, where the addition of such an older 
population, if real, should in principle lead to an improvement. 
This is due to the fact that we have not constrained the best mix 
between the young and old populations, but the maximal con- 
tribution o f old stars to the bes t young population model (see 
above and IPapovich et all 1200 ll) . which is a more conservative 
approach. To quantify whether or not the addition of this older 
stellar population leads to a better SED fitting, we performed an 
F-test between the "old+young" model and the original "young" 




Fig. 3. Rest-frame SED of J033241. 88-274853.9 (3-arcsec fixed 
aperture photometry). Green points represent space-based pho- 
tometry, while black-points represent ground-based photometry. 
The GALEX/FUV 5-cr detection limit is represented as a vertical 
arrow. A VIMOS spectrum is overlaid using a black dashed line 
(see also Fig. |5J. Several stellar population models are shown, 
all acceptable within a 90% confidence interval (see text): a CSP 
withZ = Z , t=0.1 Gyr, t=0.32 Gyr, and Ay = R V E(B -V)=0.28 
(best fit, blue curve), a SSP with Z = Z ,r=O.l Gyr, andA v =0.07 
(green curve), a CSP with Z = Z , r=0.5 Gyr, t-0.64 Gyr, and 
A v =0.2 (magenta curve), a SSP with Z = 2.5Z , f=0.09 Gyr, 
and Ay=0.7 (yellow curve), and a CSP with Z = Z , r=0.35 
Gyr, f=0.18 Gyr, and A v =0.8 (red curve). 

model. This test reveals that the addition of an older population 
does not give a significan tly better representatio n of the observed 
SED, as also noticed by Pap ovich et al.1 d200ll) in most of their 
more distant LBGs. Actually, constraining an old stellar popula- 
tion from the SED alone is not an easy task as these stars have a 
very modest contribution to the light: it is not surprising that try- 
ing to disentangle old stars from younger ones in an SED does 
not lead to conclusive results. Therefore, while there is no di- 
rect evidence for the presence of an older stellar population, its 
presence cannot be excluded either. 

In conclusion, the SED fitting evidences that J033241.88- 
274853.9 is a relatively low-mass object, whose light is little 
impacted by dust, and dominated by a very young stellar popu- 
lation aged by a few hundreds of Myr. These stars appeared to 
be formed during a relatively short burst lasting less than a Gyr. 

4. Stellar mass, SFR, and gas fraction 

4.1. Stellar mass 



Using the best-fit "young" model, the stellar mass was found 
to be \og(M ste nar I M Q ) = 9A5±°-\ 7 4 (90% confidence intervals). 
This is a factor ~8 smalle r than the stellar mass derived in Paper 
III, using lBell et alj d2003l) simplified prescription (see Annex of 
Paper III for detail), which can be easily explained by the very 
young age of J033241. 88-274853. 9: in this case, it is well known 



M. Puech et al.: A forming disk at z~0.6: Collapse of a gaseous disk or major merger remnant? 



5 



cxr 1 








£ 


T — 1 


o 




Ul 




bC 








CD 




OD 




1 

o 


— 1 




o 


^ — I 







1 1 1 1 1 1 1 

x 

fit 


1 1 t 






- 






; 


- 


































\ \ 




i 1 i 1 i 1 1 


\ i \\r 


0.4 0.60.8 1 2 


4 6 




A[/xm] 





Fig. 4. Rest-frame SED of J033241. 88-274853.9 for wave- 
lengths above 4000A. The additional older population fitted to- 
gether with the best-fit model (here in blue) is shown in red. The 
dashed-black line shows the sum of the two models. 



that using such simplified prescription can le ad to strongly over- 
estimate the stellar mass dBell et all 120031) . However, as dis- 
cussed above, we cannot exclude the presence of old stars that 
could contribute substantially to the global stellar mass, even 
if they do not contribute significantly to the light. Considering 
the two stellar components model of Fig. [4] we find a total stel- 
lar mass of log(M s , e u ar /M Q ) - 9.73, with a contribution of the 
old stellar population of log(M s , e // flr /M G ) = 9.4, i.e., roughly 
half of the total stellar mass. As the presence of this population 
remains hypothetical, we adopt the stellar mass corresponding 
to the "young" population model, and take this possible addi- 
tional contribution into account in the error-bar, which leads us 



0.28 



to \og(M ste ii ar /M Q ) = 9A5+1 



4.2. Star formation rate 

The 100-Myr average SFR was found to be 2.8^ gM /yr, in 
good agreement with the estimate from the rest-frame mag- 
nitude at 2800 A, i.e., SFR~3.3M Q /yr. Using the fitted ex- 
tinction curve with Ay=0.13 mag, we find A2soo=0.33 mag, 
which in turn leads to a dust-corrected SFR of 4.47M /yr. At 
this SFR, the mass doubling-time of J033241. 88-274853.9 is 
found to be 0.63 Gyr, i.e., significantly lower than the age of 
the Universe at this redshift. This confirms that J033241.88- 
274853.9 formed its young stars quite rapidly, in a rather single 
burst of star formation as opposed to a more continuou s star for- 
mation history. Finally, following lLe Floc'h et all d2005l) . we es- 
timated that the detection limit of MIPS at 24 /urn corresponds to 
~lOM /yr at z~0.65, which is consistent with the non-detection 
of J033241. 88-274853.9 in this band (see Sect. 3). We conclude 
that the SFR of J033241. 88-274853.9 is therefore in the range 
4.5-10 M /yr, if one takes into account both contributions from 
the UV and the IR. 



4.3. Gas fraction 

It is possible to estimate the gas fraction of J033241.88- 
274853.9 by forcing the galaxy to obey the Schmidt-Kennicutt 
relation between the star formatio n surface density and the gas 
surface density dKennicuttl [1998). Indeed, this relation seems 
to ho ld for all morpho-kinematic ty pes (e.g., [Di Matteo et all 
|2007|) . We adapted the method used in lErb et all d2006l) . to relate 
the gas mass surface density to the SFR surface density derived 
from the UV. Using the dust-corrected SFR will first provide us 
with a lower limit on the gas fraction, since we ignore the con- 
tribution from the re-processed light in the IR. We used the ACS 
half-light radius (assuming a total radius of two times the mea- 
sured half light radius of 3.5 kpc, see Paper II) to derive the SFR 
per unit area, which is converted in to a gas surface d ensity us- 
ing the Schmidt-Kennicutt relation dKennicuttl fl998T) . We then 
converted this gas mass surface density into a gas mass by es- 
timating the maximal extent of [Oil] emission from GIRAFFE 
data (see Fig. [2j, quadratically deconvolved from the effect of a 
0.8 arcsec seeing, which led us to /g flJ =73%. Similarly, we esti- 
mated an upper limit to the gas fraction using the upper limit on 
the SFR of 10 M /yr, which gives f gas =&2%. We conclude that 
J033241. 88-274853. 9 is a very gas-rich galaxy with f gas in the 
range 73-82%. We will discuss this point in the next section. 



5. The J033241 .88-274853.9 disk formation process 

The gaseous phase of J033241. 88-274853.9 is found to be rotat- 
ing and turbulent (see Sect. 2). Because of the relatively coarse 
spatial resolution of the GIRAFFE IFU, it is not possible to de- 
rive accurately enough the exact geometry of the gaseous phase 
from the [Oil] map alone. In this section, we examine two possi- 
ble geometries for this gaseous phase, which corresponds to two 
distinct scenarios for the formation of the stellar disk. 



5. 1. Is J033241 .88-274853.9 a collapsing gas-rich rotating 
disk? 

The kinematical properties of the ionized gas suggests that the 
gaseous phase might be distributed into a rotating thick disk. In 
this scenario, this pre-existing gas-rich disk would have under- 
gone a starburst event ~320 Myr ago, partly collapsing into a 
young stellar disk. 

If this case, then this galaxy should be dynamically relaxed 
and lie on the Tully-Fisher relation. However, the stellar mass 
derived from the SED fitting appears to be ~5 times smaller 
than the one predict ed by the ste l lar-ma ss Tully-Fisher Relation 
(smTFR) at z~0.6 (Pue ch et all |2008). On the one hand, this 
offset relative to the distant TFR could suggest that J033241.88- 
274853.9 is quite peculiar, as most of the outliers to th e distant 
TFR usually lie above the relation dPuech et all I2008I) . On the 
other hand, such an offset from the smTFR has been observed in 
local dwarf galaxies: because they have very large gas fractions, 
they lie below the smTFR. If one accounts for all bar yons, then 
all ga laxies follow the same "baryonic" TFR (bTFR, McGaugh 
2005). To test if the large gas fraction of J033241. 88-274853.9 
(see Sect. 4) can be responsible for this shift relative to the TFR, 
we can derived the gas fraction needed for this galaxy to lie on 
the bTFR and see whether or not it is consistent with the range 
of f gas deri ved in Sect. 4. Us ing the local smTFR as a proxy for 
the bTFR dMcGaughl \200$) , one can estimate the J033241.88- 
274853.9 gas fraction to be -91%, with a lower bound of -83% 
if ones takes into account the effect of a possible old stellar pop- 
ulation. This lower limit is roughly compatible with the range of 
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value derived in Sect. 4. This means that the spectro-photometric 
properties of J033241. 88-274853. 9 are not inconsistent with a 
dynamical state of equilibrium, as expected from a relaxed ro- 
tating disk. 

One has to explain the decoupling between the ionized gas 
and star distributions (see Sect. 2). Many scenarios have been 
proposed to explain gas and/or star lopsidedness in local galax- 
ies, but to our knowledge, none of them appears able to explain 
a decorrelation between star and gas dist ribution such as the one 
observed in J033241. 88-274853.9 (e.g.. lMapelli et al]|2008l) . In 
order to check whether seeing effects and the coarse spatial sam- 
pling of GIRAFFE could explain this apparent decoupling, we 
used the degraded V-band ACS image constructed in Sect. 2 
to estimate the amount of [Oil] emission that could be spread 
out by seeing effects in the region encompassed by the leftmost 
GIRAFFE pixel. Indeed, assuming that J033241. 88-274853.9 is 
a relaxed rotating disk, then one expects that at zero order, the 
rest-frame B-band (corresponding to the observed V-band) stel- 
lar and ionized gas distributions should be correlated. If one fur- 
ther assumes that the [Oil] equivalent width is spatially constant, 
then comparing the GIRAFFE [Oil] distribution to the smoothed 
ACS V-band image underpredicts the EWo([OII]) in the leftmost 
pixel by a factor of 10: we find that the flux ratio between the 
region encompassed by the brightest GIRAFFE pixel (i.e., the 
GIRAFFE pixel corresponding to the dynamical center of rota- 
tion) and the region encompassed by leftmost GIRAFFE pixel 
is ten times larger than the same ratio directly measured in the 
GIRAFFE [Oil] emission map. This would mean that photo- 
ionization can account for only ~10% of the total EWo([OII]) 
in this pixel. However, [Oil] and rest-B fluxes trace star forma- 
tion on different timescales, since [Oil] traces only the youngest 
stars. Therefore, it could be possible to have a true [Oil] equiva- 
lent width that varies spatially. Given the relatively coarse spatial 
resolution of GIRAFFE observations, it is likely that this does 
not qualitatively change the fact that, if J033241. 88-274853.9 is 
a relaxed rotating disk, the dominant ionization source of the gas 
in its southern part remains to be explained. 

The rotating disk model faces with another difficulty, which 
is the extension of the central peak of dispersion in the southern 
part (see Sect. 2). Indeed, the morphological analysis reveals no 
central bar, and there is no obvious correlation between the ve- 
locity dispersion in these regions and the color map. Therefore, 
this excess of velocity dispersion in this region remains also un- 
explained. 

5.2. Is J033241 .88-274853.9 a major merger remnant? 

Another possibility is that the J033241. 88-274853.9 gaseous 
phase is made of heated spiraling gas re-accreted after the fi- 
nal coalescence of a merger. Indeed, the merger scenario fits 
well with the burst duration and the SFR in this range of stel- 
lar m ass (i.e., a few M G /yr during a few hundreds of Myr, see, 
e.g JCox et alll2008l and their GO-GO merger). 

In such a scenario, the gas surrounding J033241.88- 
274853.9 would not be dynamically relaxed yet, and would ro- 
tate too fast for the underlying stellar mass. Such an effect has 
been observed in numerical simulations of mergers (see, e.g., 
iPuech et"a l. 2007a). Therefore, this scenario also provides a rea- 
sonable explanation for the shift rela tive to the smTFR (se e also 
discussion of "kinematic cooling" in Atkinson et al. 2007b. 

After the final coalescence of the two progenitors, the gas 
expelled away in tidal tails can relax by dynamical friction. At 
least part of this gas can be subsequently re-accreted and spi- 
rals around the merger remnant, which can mimic the kinemat- 



ics of a rotating thick disk at large spatial scales, as shown 
by iBarnesi d2002l) . Moreover, in principle, the large gas frac- 
tion of J033241. 88-274853.9 is high enough t o allow a disk to 
be reb uilt following the merger, as shown by Rob ertson et alj 
(12006I) . Such numerical simulation including star formation have 
demonstrated how a merger between two equal-mass, gas-rich 
disks could allow a stellar disk to reform with an angular mo- 
mentum inherited from the orbital momentum of the progenitors 
(Rob ertson et al.ll2006l) . Indeed, the specific angular momentum 
of the gas in J033241. 88-274853.9 is found to be j = 1120+255 
kpc.km /s, very close to local gaseous disks (see IPuech et"ai1 
l2007al) . 

As we have shown in the previous section, the lack of stars 
on the southern side of the galaxy implies that gas cannot be 
ionized by hot stars in this region. The low disk V/cr and the 
excess of velocity dispersion relative to a rotating disk model 
in this region (see Sect. 2) both suggest that the disk might be 
heated by shocks. These shocks could be produced by colli- 
sions between gaseous tidal tails formed during the merger. Such 
shocks could ionize the gas in this region, while also prevent- 
ing star formation, which provides a very simple explanation of 
the decoupling between the gas and stars distributions. In ab- 
sence of significant stellar light, gas continuum emission alone 
can indeed result in very high equivalent width, i.e., in the range 
80-37 0Adepending on electron density ( Osterbrock & Ferland, 
2006): this can largely account for the observed EWo([OII]) in 
the southern region of J033241. 88-274853.9. 

In order to test further the merger scenario, we looked in 
Barnes (2002) numerical simulations for similarities with the 
properties of J033241. 88-274853.9. In Fig. [5] we show a snap- 
shot of the gas distribution extracted from a simulation a ma- 
jor merger (i.e., mass ratio 1:1) of inclined disks on a p arabolic 
orbit with a large pericentric separation (r per i=0.4, see IBarnesi 
|2002| for detail). This snapshot was extracted approximately 250 
Myr after the final coalescence of the two progenitors, which is 
consistent with the age of the young stellar population derived 
in Sect. 3. Because the stellar light of J033241. 88-274853.9 is 
dominated by young and intermediate aged stars (see Sect. 3), 
the gas concentration can be considered as tracing the distribu- 
tion of new stars at very first order, which provides us with a 
useful comparison to J033241. 88-274853. 9. Indeed, in the cen- 
tral regions, the remnant gas is distributed into an asymmetric 
rotating disk (see the white ellipse). The gas expelled during the 
merger is re-accreted after the final coalescence through two spi- 
raling tails (see outer-most white arrows). Shocks are clearly 
seen at the basis of the upper tail, which occur between the 
gas falling down from this tail onto the central region and the 
gas rotating around an asymmetric new disk. The initial gas 
fraction in the simulation is set to be 12.5% that of the stel- 
lar mass in the disk. It is interesting to note that in numerical 
simulations, the rotation support of the re-formed stellar disk af- 
ter a major merger is a n increasing function of the gas fraction 
dRobertson et al.Ll2006l) : with the gas fraction as the one inferred 
in J033241. 88-274853.9 (see Sect. 4.3), one expects a strongly 
rotationally supported remnant stellar disk. The similarities be- 
tween J033241. 88-274853. 9 and this simulation demonstrate the 
viability of the merger scenario. 

6. Discussion & Conclusion 

If one assumes that J033241. 88-274853. 9 is a relaxed rotating 
disk, then its gas fraction must be unusually high. Indeed, lo- 
cally, such large gas fractions are found only in the m ost ex- 
treme gas-rich dwarfs galaxies (Schombert et all 120011) : galax- 
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Property 


Starbursting Rotating Disk 


Major Merger Remnant 


Piftpn^inn nf tfip npjilf 

1_/ALG11l31*J11 Ul lilt L7CO.JS. 

of dispersion in the 
southern part 


Cause unknown 


T-Tp^tincr Hup to qIiopV*; 
±±c a. u lit: uuc iv } siivj^jva 

between the gas in tidal tails 
and the central regions 


Decoupling between the 

distribution of 
the ionized gas & stars 


Photo-ionization can account 
for only 10% of EW ([OII]) 


Shocks can ionize the gas and 
account for 100% of EW Q ([OII]), 
while preventing star formation 



Table 2. Summary of the main characteristics of J033241. 88-274853. 9. A possible explanation for each property is given for the 
two scenarios discussed in the text. 




Fig. 5. Snapshot e xtracted from a simulation of a major merger 
by Barnesl (|2002|) . Only gas is shown, and colors indicate en- 
ergy dissipated by shocks. The view has been rotated and in- 
clined in order to qualitatively match the morpho-kinematics of 
J033241.88-274853.9. 



ies on the blue sequence with a similar ste l lar m ass have gas 
fraction significantly smaller (Kannappan, |2004|) . At z~0.6, 
such gas fractions appears to be also exceptional when com- 
pared to the average gas fr action (30%) estimated at this red- 
shift by iLiang et all (120061) . One has to look at significantly 
higher redshifts in order to find such lar ge gas fractions in 
log(M sle u ar /M Q ) = 9.45 galaxies (see, e.g.. Erb et ai]|2006l for 
z~2 galaxies). However, it does not exclude that we might be 
observing the collapse of an exceptionally gas-rich rotating disk 
into stars. 

In this case, one could expect the disk to fragment 
into clumps , as described by numeric al simulations (e.g., 
Immeli et al. 2004, iBournaud et al.l 12007b . In this simulations, 
gaseous unstable disks can fragment into UV bright star-forming 
clumps with typical sizes ~lkpc. One can note in Fig.[T]the pres- 
ence of several blue regions in the disk, which might suggest that 
the gaseous phase of J033241. 88-274853. 9 is indeed fragmented 
into clumps, as the size of these regions is found to match that ex- 
pected in such clumps (see Fig.[TJ. Moreover, this fragmentation 
process is expected to occur after 100-300 Myr and to last ~0.5- 
1.0 Gyr, which might also fit well with the age inferred above 
for J033241. 88-274853.9. Such models have also been shown to 
reproduce the lopsidedness of distant clump systems, provided 
that a d isk-halo offset is intro duced at the beginning of the sim- 
ulation (IBournaud e t al., 2008). However, even with such initial 
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Fig. 6. VIMOS spectrum of J033241. 88-274853.9. We have di- 
rectly reproduced the gif figure of this object (EIS ID n°24025) 
as given by the VVDS database (see text). The expected position 
of the Nelll emission line is indicated in red. 



asymmetries, the resulting gas and stars distributions appear to 
be relatively well correlated, which is clearly at odd with the 
observed decoupling. 

Another important argument is the lack of photo-ionization 
flux in the southern part of J033241. 88-274853.9 to account for 
the whole EWo([OII]) measured in this region, while in the ma- 
jor merger hypothesis, ionization by shocks can easily account 
for the whole EWo([OII]). To look for further evidence of the 
presence of shocks, we retrieved from the VVDS archival an in- 
tegrated VIMOS sp ectrum of J033241. 88 -274853.9, which is re- 
produced in Fig.|6](Le F evre et all 120051) . This spectrum shows 
some faint but very likely emission at A res ,=3869A, which could 
correspond to the Nelll emission line. Th is strengthens the pres- 
ence of ionizing shocks in this galaxy (lOsterbrock & FerlandL 
12006b . 

In the previous and present sections, we have identified and 
discussed two very unusual properties of J033241. 88-274853. 9, 
which are the decoupling between the distributions of stars and 
gas, and the excess of velocity dispersion in the southern part. 
We have summarized them in Tab. [2] along with their respec- 
tive possible explanation depending on the two disk formation 
scenarios considered. Both properties would require further as- 
sumptions to be explained in the frame of a collapsing gas-rich 
rotating disk scenario, while they find a natural and unique ex- 
planation through shock-induced ionization in the frame of the 
merging of two gas-rich galaxies. 



http://cencosw.oamp.fr/ 
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